G lobally, cardiovascular diseases (CVDs) are the leading cause of death and a major source of disability. The majority of these are caused by ischemic heart disease such as acute myocardial infarction (AMI), stroke, and other cerebrovascular diseases.
Circulation
March 25, 2014 in the immediate time periods before and after HFRS disease onset using the self-controlled case series (SCCS) method.
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Methods
Participants and Databases
HFRS has been a notifiable disease in Sweden since 1997. To diagnose HFRS, a blood sample is obtained from the patient and analyzed by 1 of the 3 HFRS diagnostic laboratories in Sweden. Samples are analyzed for seroconversion by either an indirect immunofluorescence method or ELISA. 13 The attending medical doctor and diagnostic laboratory then separately report the HFRS diagnosis using the patient's personal identification number to the Swedish Institute for Communicable Disease Control. This report is entered into the national HFRS database administered by the Swedish Institute for Communicable Disease Control. All patients diagnosed with HFRS in Sweden from January 1, 1997, until December 31, 2012 , were included in the present study.
The National Patient Register is a nationwide database administered by the Swedish National Board of Health and Welfare, consisting of, among others, the Inpatient Register (IPR) and the Outpatient Register. 14 The IPR contains information on somatic hospital discharges nationwide and has had complete national coverage since 1987. The Outpatient Register contains information on hospital-based outpatient care diagnoses. 14 The personal identification numbers from the HFRS database were cross-linked with the National Patient Register to retrieve information on potential AMI/stroke events. At the time of our request to the Swedish National Board of Health and Welfare, the IPR had registered data only until 2011. All data were anonymized by the Swedish National Board of Health and Welfare before the analyses were performed. This study received ethics approval from the Regional Ethical Review Board, Stockholm, Sweden.
AMI and Stroke Events and Determination of HFRS Index Date
Individuals with International Classification of Disease (ICD; World Health Organization) main or contributing diagnosis codes for AMI/ stroke were selected from the HFRS database-cross-linked IPR. The ICD, Ninth Revision (ICD-9) diagnosis codes 410 and 411 and ICD, 10th Revision (ICD-10) diagnosis codes I21 through I22 were used for AMI. The diagnoses codes for stroke were ICD-9 codes 430 to 434 and 436 and ICD-10 codes I60-64. Stroke was further subclassified into hemorrhagic stroke (ICD-10 codes I60-I62) and ischemic stroke (ICD-10 codes I63-I64). The date of an AMI or stroke event is the date of hospitalization found in the IPR for the patient. A first AMI/stroke event is defined as the first time the patient is hospitalized as a result of AMI or stroke in the IPR from 1987 to 2011.
The SCCS method is highly sensitive to the accuracy of dates. 
Statistical Analyses
We used the SCCS method, 12 a conditional Poisson regression method, to calculate relative incidence rate ratios (IRRs) for AMI and stroke. This method is based on intraperson comparisons of incidence rates of the outcome of interest (AMI or stroke event) after exposure (HFRS) in an observation period subdivided into risk and control periods. 12, 15 Hence, the method is conditional on participants having an AMI or a stroke event within the observation period relative to the HFRS index date (Figure 1 ). To avoid immortal time bias, 16 which can occur when a control period is included before exposure (here HFRS), we performed 2 separate analyses. The observation period was ±365 days from the HFRS index date in analysis 1 and 365 days from the HFRS index date in analysis 2. Individuals who died within 365 days of their AMI or stroke event were excluded from analysis 1 but not 8 but the exact date of infection is normally not possible to determine for infected individuals. Because we do not know the effect of hantavirus infection during the incubation period of HFRS on AMI and stroke incidence rates, we included a separate risk period ("buffer") ranging from 30 days to 1 day before the HRFS index date in analysis 1 ( Figure 1 ). The risk periods for both analyses were defined as days 1 to 21 and days 22 to 90 after the HFRS index date. Furthermore, both analyses had days 91 to 365 after the HFRS index date as a control period. Analysis 1 also had days 365 to 31 before the HFRS index date as a control period (Figure 1) .
A seasonal pattern has been observed for HFRS and AMI in Sweden; both are more common during the colder months of the year. 17, 18 Therefore, we performed separate analyses in which we adjusted for the potential confounder seasonality by dividing the year into 2 parts: colder months (October through March) and warmer months (April through September).
We analyzed whether the median age and sex differed between the original HFRS cohort and the study groups for AMI/stroke events using the nonparametric Mann-Whitney U test for age differences and the χ 2 test for sex distribution. To investigate whether sex and age act as effect modifiers on the potential association between HFRS and AMI/stroke, we included interactions between sex and exposure and between age and exposure in the analysis. Likelihood ratio tests were then carried out to test the hypothesis that no interaction terms should be included in the model. 12 In Sweden, the median age for AMI and stroke onset is 70 and 75 years, respectively. 19, 20 Therefore, individuals in the AMI study groups were divided into groups of ≤70 and >70 years of age. The individuals in the stroke study groups were divided into groups of ≤75 and >75 years of age.
Data were analyzed with SPSS (version 20) and Stata (version 12.0 SE).
Results
A total of 6643 individuals were diagnosed with HFRS in Sweden from 1997 to 2012. Their median age was 52 years (interquartile range, 39-62 years); the male-to-female ratio was 1.48:1 ( Table 1 ). The distribution of the various dates used for determining the HFRS index date is shown in Table I in the online-only Data Supplement for the HFRS cohort and in Table II in the online-only Data Supplement for the AMI/ stroke study groups.
Acute Myocardial Infarction
In total, 320 of the HFRS-diagnosed individuals had been hospitalized for AMI at 1 or more time points during 1987 to 2011 ( Figure 2 ). The study group for analysis 1 consisted of 51 individuals with 55 AMI events within ±365 days of the HFRS index date; of these 55 AMI events, 41 were first events (75%) and 14 were recurrent AMI events (25%; Figure 2 and Table 1 ). The study group for analysis 2 consisted of 37 individuals with 40 AMI events within 365 days of HFRS; of these 40 AMI events, 27 (68%) were first events and 13 (32%) were recurrent AMI events ( Figure 2 and Table 1 ). The median age for individuals with AMI events was significantly higher than for the original HFRS cohort. There was a higher proportion of male to female patients in analysis 1 compared with the original HFRS cohort but not in analysis 2 (Table 1) .
In analysis 1, the IRR in the first 3 weeks after HFRS was 5.53 (95% confidence interval [CI], 2.6-11.8) for all AMI events and 3.53 (95% CI, 1.25-9.96) for first AMI events ( Table 2 ). The IRR did not differ significantly from the control periods in risk period 2 (22-90 days after HFRS onset). In analysis 2, the IRR in the first 3 weeks after HFRS was 6.02 (95% CI, 2.95-12.3) for all AMI events and 4.64 (95% CI, 1.83-11.77) for first AMI events ( Table 2 ). As in analysis 1, the IRR for the risk period 22 to 90 days after HFRS did not differ significantly from that of the control periods. A histogram of AMI events in relation to HFRS is displayed in Figure  I in the online-only Data Supplement. No statistically significant confounding effects were observed for seasonality on the correlation between HFRS and AMI, although a borderline effect was observed for season in analyses 1 and 2 of first AMI events (Table III in the onlineonly Data Supplement). The season-adjusted IRR in analyses 1 and 2 for first AMI events in the time period 1 to 21 days after HFRS was 2.96 (95% CI, 1.03 -8.47) and 3.8 (95% CI, 1.46-9.9), respectively. Apart from the study group for all AMI events in analysis 2, no modifying effects of age at HFRS >70 years and sex were found on the association between HFRS and AMI (Tables IV and V in the online-only Data Supplement). The model containing the interaction term HFRS×age was borderline significant for analysis 2, which meant that the IRRs for AMI were likely different for individuals >70 and <70 years of age (Table IV in the online-only Data Supplement). We therefore performed a follow-up analysis in which the IRRs for analysis 2 of all AMI events were recalculated separately for the 2 age groups. For individuals >70 years of age (n=14; events=16), the IRR for an AMI in the first 3 weeks after HFRS was 15.33 (95% CI, 5.15-45.62); for individuals <70 years of age (n=23; events=24), the IRR for an AMI in the first 3 weeks after HFRS was 2.92 (95% CI, 0.99-8.63).
Stroke
Of all HFRS-diagnosed patients, a total of 258 individuals were hospitalized for stroke at 1 or more time points during 1987 to 2011 (Figure 2 ). The study group for analysis 1 consisted of 26 individuals who had 28 stroke events ±365 days of HFRS; of these, 22 (79%) were a first stroke event and 6 (21%) were recurrent stroke events (Table 1) . Of the 28 stroke events, 22 (78.6%) were ischemic and 6 (21.4%) were hemorrhagic. For the first stroke events, 18 (81.8%) were ischemic and 4 (18.2%) were hemorrhagic.
The study group for analysis 2 consisted of 30 individuals who had 31 stroke events within 365 days of HFRS (Table 1) ; 25 (81%) were a first event and 6 (19%) were recurrent stroke HFRS database n = 6643
Inpatient Register n = 5663
Cases with AMI n = 320
Cases with stroke n = 258 events. Of the 31 stroke events, 22 (71%) were ischemic and 9 (29%) were hemorrhagic. For the first stroke events, 18 (72%) were ischemic and 7 (28%) were hemorrhagic.
The median age for those diagnosed with stroke was significantly higher than the median age of the original HFRS cohort. However, the sex distribution for all study groups with stroke did not differ significantly from that of the HFRS cohort (Table 1) .
In analysis 1, the IRR for the first 3 weeks after HFRS was 12.93 (95% CI, 5.62-29.74) for all stroke events and 14.54 (95% CI, 5.87-36.04) for first stroke events (Table 3) . In analysis 2, the IRR for the first 3 weeks after HFRS was 15.16 (95% CI, 7.21-31.87) for all stroke events and 17.09 (95% CI, 7.49-38.96) for first stroke events ( Table 3 ). The IRRs for the second risk period (after 3 weeks following HFRS onset) did not differ significantly from the control periods in either analysis (Table 3 ). There were no stroke events in the third week; therefore, we calculated the IRRs for the first and second weeks after HFRS. Interestingly, in analysis 1, the IRRs in the first week after HFRS were 33.94 (95% CI, 14.18-81.28) and 37.41 (95% CI, 14.38-97.35) for all and first stroke events, AMI indicates acute myocardial infarction; CI, confidence interval; HFRS, hemorrhagic fever with renal syndrome; and IRR, incidence rate ratio. *Observation period: ±365 days from HFRS; individuals with fatal events within 365 days of AMI event are excluded. The 2 control periods consists of −365 to −31 days before and 91 to 365 days after HFRS.
†Observation period: 365 days from HFRS; all events within the observation period are included. The control period consists of days 91 to 365 after HFRS. §The z test was performed to test the hypothesis that there was no difference in the incidence of AMI events between the specified risk period and the control period. CI indicates confidence interval; HFRS, hemorrhagic fever with renal syndrome; and IRR, incidence rate ratio. *Observation period: ±365 days from HFRS; individuals with fatal events within 365 days of the stroke event are excluded. The 2 control periods consists of −365 to-31 days before and 91 to 365 days after HFRS. †Observation period: 365 days from HFRS; all stroke events within the observation period are included. The control period consists of days 91 to 365 days after HFRS.
§The z test was performed to test the hypothesis that there was no difference in the incidence of stroke events between the specified risk period and the control period. respectively. There was no significant difference from the control periods for the IRRs in the second week. Furthermore, the IRRs for analysis 2 were 36.4 (95% CI, 16.6-79.78) and 41.08 (95% CI, 17.75-95.09) for all and first stroke events in the first week after HFRS, respectively. The IRRs for all and first stroke events in the second week after HFRS were 9.1 (95% CI, 2.6-31.96) and 12.32 (95% CI, 3.48-43.66), respectively. A histogram of stroke events in relation to time after HFRS is shown in Figure II in the online-only Data Supplement.
There were no significant seasonal effects on stroke events (Table III in 
Discussion
Our results show that HFRS is linked to a transient but significant increased risk for AMI and stroke, suggesting a role for hantavirus infection in triggering these events. This finding was demonstrated by 2 separate analyses taking into account the impact of fatal AMI/stroke events using the SCCS method. The SCCS method is sensitive to timing and dates 12 ; therefore, it is crucial the HFRS index dates are close to disease onset. The least accurate date, that is, the date of report to the Swedish Institute for Communicable Disease Control, was used in only ≈5% of the events for the AMI study groups, and this was not even an issue in the stroke study groups. Thus, the majority of dates fall within the first risk period, enabling a good temporal distinction between AMI/stroke events occurring in the risk and control periods.
A critical assumption for the SCCS method is that the occurrence of an event (AMI or stroke) does not alter the likelihood of exposure (HFRS). 21 This is called the immortal time bias and could potentially inflate the IRR for AMI and stroke. 16 In essence, we retrospectively select for patients who have been diagnosed with HFRS and AMI/stroke. Individuals who develop fatal AMI/stroke events before a theoretical Puumala virus infection will obviously not figure into our cohort. Therefore, the incidence rates of AMI/stroke in the year before HFRS in our study could be underestimated. We circumvent this issue by omitting individuals who died within 365 days of their AMI/stroke events in analysis 1. Hence, we avoid introducing the immortal time bias in our studies.
One advantage of SCCS is that multiplicative effects of fixed confounders factor out; therefore, the baseline risk for cardiovascular events can be considered to be removed when shorter periods of time are analyzed. 12 However, it is possible that fixed effects can still act as effect modifiers. 12 For instance, although seroprevalence for Puumala virus is represented equally in both sexes, the disease HFRS is overrepresented in middle-aged men. 17, 22 Therefore, sex and age group might be factors that determine who is more likely to be diagnosed with HFRS. In our study, we investigated whether there was a significant difference in the IRRs for AMI or stroke after HFRS between male and female patients (sex) and age groups. Therefore, we included a separate test to identify whether an interaction term should be included in our model for age group and HFRS or sex and HFRS. No significant modifying effects were found for sex and HFRS or age and HFRS on the association between HFRS and AMI/stroke, apart from analysis 2 of all AMI events for which age had a significant interaction. When calculated separately, patients in the age group >70 years had a 15-fold higher risk of developing AMI in the first 3 weeks after HFRS. It is possible that older age might increase the risk for AMI after HFRS. This finding is also in line with previous observations that mortality after HFRS increased with age. 23 Furthermore, we compared the age and sex distributions between participants of the study groups and those in the original complete HFRS cohort and found that those who had had AMI and stroke were significantly older. In general, there was a trend toward a higher proportion of male patients in the study groups compared with the original HFRS cohort, although it was only statistically significant in AMI analysis 1.
In Sweden, an increased AMI incidence has been reported for the colder months compared with the warmer months, 18 and a seasonal trend could perhaps be present in the analysis of first AMI events. The season-adjusted IRR for the analysis of first AMI events in the first 3 weeks after HFRS was still significantly increased. There were no seasonal effects in the other study groups.
Our study was based on data obtained from the National Patient Register. It has been reported that the validity for diagnosis codes relating to AMI and stroke was 100% and 98.6%, respectively, indicating very good quality of the data. 14 Previous studies have linked acute infections with an increased risk for AMI and stroke. [2] [3] [4] [5] [6] One of these studies was based on the UK General Practice Research Database using SCCS, the same method used here. 5 In that study, the IRR for a first AMI event in the first 3 days after disease onset of systemic respiratory and urinary tract infections was increased 5-and 3-fold, respectively. 5 This is similar to the finding in our study that the IRR for first AMI events is increased ≈4-fold in the first 3 weeks after HFRS compared with the control periods. Furthermore, Smeeth et al 5 show that the risk for a first stroke event was significantly increased ≈3-fold the first week after both upper respiratory and urinary tract infections. It is noteworthy that our IRRs are high for a first stroke event after HFRS, ≈40-fold higher than in the control periods, indicating that HFRS is a strong risk factor for the development of acute cerebrovascular events. To the best of our knowledge, no prior studies have uncovered an association between an acute infection and stroke of the magnitude observed here.
The possibility that HFRS is a trigger for acute cardiovascular events is in line with previous studies focusing on hantaviral infection and pathogenesis. HFRS patients have abnormal coagulation with elevated thrombosis and fibrinolysis 9 and disseminated intravascular coagulopathy. 10 Additionally, hantavirus infection seems to have a negative impact on heart functions; cardiac disturbances have been observed in more than half of the HFRS patients. 24 Furthermore, the central nervous system was also shown to be affected by hantavirus infection, with reports of cerebral hemorrhage, the presence of Puumala virus RNA, and increased levels of the monocyte/macrophage activation marker neopterin in cerebrospinal fluid. [25] [26] [27] [28] HFRS also causes intravascular damage 29 and dysfunctional platelets. 30 Endothelial cells are infected with hantaviruses with subsequent activation. [31] [32] [33] [34] Consequently, hantavirus infection induces an enhanced state of inflammation and coagulation, which might contribute to the increased risk for AMI/stroke during acute HFRS reported here. The enhanced coagulopathy in patients observed in prior studies 10 could also explain why the majority of stroke cases in our study were ischemic rather than hemorrhagic, as could possibly be expected from a hantaviral hemorrhagic fever. Case reports suggest an association between the dengue virus and stroke, 35 but to the best of our knowledge, this issue has not been studied in a cohort of dengue virus-infected patients. Furthermore, the dengue virus was also shown to cause cardiac disease in a recent study. 36 We do not know whether our results could apply to other viral hemorrhagic fevers, even though coagulation disorders are more frequent. 37, 38 It remains to be investigated whether viral hemorrhagic fever in general is associated with increased risk of AMI/stroke.
We identified an increased risk for AMI and stroke in the first weeks after HFRS, but a limitation of our study was the small number of events and the low precision of the estimated IRR. To determine the IRR more precisely, more cases would have to be included. However, the HFRS database contains information on all diagnosed HFRS cases in Sweden since 1997 (n=6643), which we have included in our study. Therefore, it would be impossible to increase the size of our cohort. As for other infectious diseases, there is a considerable proportion of unrecognized HFRS cases, 22 and whether our findings also apply to them is unknown. Because fewer female patients are diagnosed with HFRS, there is a risk of selection bias with regard to sex. 23 Finally, the majority of exposure dates were based on the date of disease onset. It is possible that the date of disease onset was inaccurate in some cases as a result of patient recall bias and error in data entry, although this probably would introduce an error of a few days, and the risk period is measured in weeks.
Conclusion
HFRS is associated with a transient but significantly increased risk for the acute cardiovascular events AMI and stroke, suggesting that hantavirus can trigger severe cardiovascular events in infected patients.
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